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EXPERIENCE I N  OPERATING AN EXPERIMENTAL A C I D  MINE DRAINAGE TREATNENT PLANT* 
Char les  T. Holland 

West V i r g i n i a  Un ive r s i ty ,  Morgantown, West V i r g i n i a  

I n  1967, t h e  s t a f f  o f  t h e  School of Mines designed and supe rv i sed  the  cons t ruc t ion  
o f  an acid mine d ra inage  t r ea tmen t  p l a n t  making use  of l i m e  s l u r r y  as a n e u t r a l i z i n g  
agen t  f o r  a p l a n t  s i z e  s t u d y  of n e u t r a l i z a t i o n  of a c i d  mine water. Th i s  p l a n t  w a s  
cons t ruc t ed  t o  handle a t  least  200 g a l l o n s  of wa te r  pe r  minute con ta in ing  around 500 
p a r t s  p e r  m i l l i o n  of i r o n ,  mos t ly  i n  t h e  f e r r o u s  s ta te ,  and having a pH of approx- 
ima te ly  5 wi th  a c i d i t y  runn ing  around 1,000 p a r t s  pe r  m i l l i o n  on t h e  calcium carbonate 
e q u i v a l e n t  b a s i s .  
c r i b e d  i n  a r ecen t  pub l i ca t ion . '  
t h a t  w e  can u s e  f o r  expe r imen ta l  purposes.  
from the-* i s  s h a m  i n  Tab le  1. 

A d e s c r i p t i o n  of  t h e  p l a n t  w i l l  no t  be g iven  because  it w a s  des- 
A t  t h e  p r e s e n t  t i m e ,  we have a range  of f o u r  mines 

The approximate ana lyses  of t h e  waters  

TABLE 1 
ANALYSES O F  A C I D  WATERS FROM MINES 1, 2 ,  3, and 4 

I r o n  
Mine F ie ld  To ta l  Fe r rous  Alum- Calc- Maga- Acid- Sludge T o t a l  

1 3.14 912 783 116 259 69 2400 330 7951 
2 4.64 573 545 36 331 60 1022 166 6014 
3 2.40 2648 1096 5 80 6500 510 18890 
4 2.85 602 242 69 1746 236 8164 
* Calcium Carbonate Equ iva len t  
** M i l l i l i t e r s  of s l u d g e  p e r  l i ter  of w a t e r  t e s t e d  

inum ium ese i t y *  Value** S o l i d s  No. PH 

Extreme d i s t a n c e s  between t h e  w e l l s  i s  about  one mi l e ,  b u t  no w e l l  is much more 
than  about one-half m i l e  from t h e  t r ea tmen t  p l a n t .  

The p l a n t ,  shown i n  F i g u r e  1, is l o c a t e d  on t h e  s i d e  of a h i l l  about 180 f e e t  
above t h e  f l o o r  of t h e  v a l l e y .  
v a l l e y  b u t  t h e  movement of ground water through t h e  low-lying l e v e l  l ands  o f f e r e d  
a problem i n  t h a t  w e  would n o t  know whether ou r  t r ea tmen t  w a s  e f f e c t i n g  a change 
made i n  t h e  water o r  whether  it w a s  due to t h e  ground water. Th i s  s i t e  on t h e  
s i d e  of a h i l l  e l imina ted  t h i s  problem, but  i t  d i d  raise a problem o f  r a i s i n g  water 
from t h e  bottom of t h e  v a l l e y  t o  t h e  e l e v a t i o n  of t h e  p l a n t  which would not  e x i s t  
i n  most ac id  t r ea tmen t  p l a n t s .  

It w a s  o r g i n a l l y  in tended  t o  p l a c e  t h e  p l a n t  i n  t h e  

I n  t h i s  p l a n t ,  which w a s  manually ope ra t ed ,  t h e  fo l lowing  o p e r a t i o n s  were 

1 )  I t  prepared  a l ime  s l u r r y  t o  b e  used f o r  n e u t r a l i z a t i o n .  Th i s  s l u r r y  
c a r r i e d  out .  

was u s u a l l y  p repa red  at a concen t r a t ion  of one pound of l ime  pe r  
g a l l o n  of water. 
excess ive  amounts of  s l u r r y  t o  be  used i n  t h e  t r ea tmen t  p rocess .  

I t  w a s  a r ranged  t o  f eed  t h e  s l u r r y  i n t o  t h e  f eed  wa te r  a t  a r a t e  
t h a t  would e f f e c t  n e u t r a l i z a t i o n  and raise i t  t o  a pH of about  10. 
This high pH w a s  made necessa ry  by t h e  f e r r o u s  i r o n  i n  t h e  water. 
As o u r  n e u t r a l i z a t i o n  cu rves  i n d i c a t e d ,  such i r o n  would n o t  come 
out  completely u n t i l  t h e  pH water w a s  r a i s e d  t o  about 10. 

The t r e a t e d  water w a s  passed  through an a e r a t i o n  p l a n t  which w a s  
designed to  hand le  about  200 g a l l o n s  of wa te r  p e r  minute t o  con- 
v e r t  t h e  f e r r o u s  i r o n  t o  f e r r i c  i r o n  and t o  reduce t h e  pH t o  a 
va lue  accep tab le  by t h e  wa te r  laws of West Vi rg in i a .  

This seemed t o  work very  w e l l  and d i d  n o t  r e q u i r e  

2) 

3) 

1. Holland, C .  T.,  Cor sa ro ,  J. L., Ladish,  D. J . ,  Factors i n  t h e  Design of an Acid 
Mine Drainage Treatment P l a n t ,  Second Symposium on Coal Mine Drainage Research, 
1968, Coal Indus t ry  Advisory Committee t o  t h e  Ohio Val ley  Water S a n i t a t i o n  Corn. 

* This  p r o j e c t  is sponsored  by t h e  Northern West V i r g i n i a  and West V i r g i n i a  Coal 
Assoc ia t ions  and t h e i r  a s s o c i a t e s  by a g r a n t  t h a t  has  exceeded $200,000 a t  t h i s  wr i t i ng .  
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4 )  Following t h i s  o p e r a t i o n  t h e  water w a s  passed through a s e t t l i n ;  >d. 1:1 

hold ing  about  300,000 g a l l o n s  which al lowed t h e  i r o n ,  b o t h  f e r r o u s  
and f e r r i c ,  aluminum,as w e l l  as t h e  calcium s u l f a t e  formed t o  pre-  
c i p i t a t e ,  and t h e  c l e a r  water t o  f low i n t o  t h e  s t reams of t h e  staLe. 
The ponds were l a r g e  enough t o  accommodate t h e  accumulat ion of 
s ludge  f o r  two days t o  f o u r  o r  f i v e  days o p e r a t i o n  depending upon 
t h e  c o n c e n t r a t i o n  of i r o n  and a c i d .  

By means of  a diaphragm s l u r r y  pump t h i s  s ludge  w a s  pumped from 
t h e  r e c e i v i n g  b a s i n s  i n t o  a s ludge  s t o r a g e  b a s i n .  

Here arrangements  were made t o  decant  t h e  water from t h e  s l u d g e  
as i t  s e p a r a t e d  and t o  expose as l a r g e  an area as w a s  p o s s i b l e  
t o  t h e  atmosphere t o  encourage e v a p o r a t i o n .  The s ludge  pon? 
w a s  a l s o  c o n s t r u c t e d  w i t h  t h e  thought  i n  mind tha t  some water 
would s e e p  through t h e  w a l l s  of t h e  e a r t h - f i l l e d  b a s i n  and 
a i d  i n  c o n c e n t r a t i n g  t h e  s l u d g e .  A s  i t  w i l l  be  noted l a t e r  
on in t h e p a p e r ,  t h i s  s ludge  d i s p o s a l  b a s i n  d i d  a very good 
j o b  of c o n c e n t r a t i n g  t h e  s l u d g e  and removing t h e  water a t  t h e  
ra te  a t  which w e  o p e r a t e d .  

5) 

6) 

OPERATION 
The p l a n t  t r e a t e d  d i f f e r e n t  waters i n  p e r i o d s .  From A p r i i  1 u n t i l  ' 1 8  -i , 

i t  opera ted  on water from mine No. 1. 
days p e r  week wi th  t h e  t i m e  from August 21 u n t i l  October  4 non-opera t ive  because 
of a breakdown i n  t h e  deep w e l l  mine pump. 

The o p e r a t i n g  rate w a s  16 hours  p e r  day f i v e  

From December 18, 1967 t o  February 19,  1968,  we w e r e  i n  t h e  p r o c e s s  of l a y i n g  
a p i p e l i n e  between t h e  p l a n t  and mine No. 2. 
of t h e  s e v e r i t y  of  t h e  weather .  

The o p e r a t i o n  was de layed  because 

From February 19 t o  August 1 2 ,  w e  o p e r a t e d  1 6  hours  p e r  day f i v e  days  p e r  week 
on water from mine No. 2 wi th  t h e  e x c e p t i o n  of  a week o u t  from A p r i l  3 t o  A p r i l  10,  
because of  a f a i l u r e  of t h e  deep w e l l  pump a t  mine No. 2. 

From August 1 2 ,  1968 t o  September 20, 1968, w e  o p e r a t e d  on water from mine No.  2 ,  
No. 3, and N o .  4 mixed. Again t h e  o p e r a t i n g  t i m e  w a s  16 hours  p e r  day f i v e  days p e r  
week b u t  c o n s i d e r a b l e  t i m e  w a s  l o s t  due t o  s u l f a t i o n  prevent ing  o p e r a t i o n s  i n  t h e  
p l a n t .  

From September 20, 1968 t o  October  20, 1968,  w e  o p e r a t e d  on mine waters  from 
mine No. 3 and No. 4. Again c o n s i d e r a b l e  t i m e  w a s  l o s t  d u r i n g  t h i s  p e r i o d  because  
of s u l f a t i o n  d i f f i c u l t i e s .  

The f low s h e e t  of  t h e  p l a n t  i s  shown i n  F i g u r e  2. 

OPERATING RESULTS MAKING SLURRY 

any k i n d  h a s  occurred w i t h  t h i s  a p p a r a t u s  o t h e r  than  t h e  normal amount of a t t e n t i o n  
t o  keeping t h e  appara tus  s e c u r e l y  f a s t e n e d  t o  t h e  mixing tank  and items o f  a l i k e  
n a t u r e .  Only one shut-down i n  n e a r l y  two y e a r s  of  o p e r a t i o n  w a s  occas ioned  by t h i s  
a p p a r a t u s  and t h i s  w a s  t h e  f a u l t  of  t h e  o p e r a t o r .  

SLURRY FEED APPARATUS 

a c o n s t a n t  o r  very n e a r l y  c o n s t a n t  head arrangement .  The one shown i n  t h e  f low 
diagram (Fig .  1) is t y p i c a l .  
s toppage of t h e  p i p e ,  and s toppage  of  t h e  pump so as t o  r e f u s e  t o  o p e r a t e .  
s l u r r y  seems t o  have t h i s  p r o p e r t y ,  o f  forming s o l i d s  i n  p i p e s ,  v a l v e s ,  and pumps, 
and i t  is suggested t h a t  t h i s  a p p a r a t u s  be i n s t a l l e d  i n  d u p l i c a t e  so t h a t  one f e e d e r  
can be  r e p a i r e d  whi le  t h e  o t h e r  o p e r a t e s .  

Our appara tus  f o r  making s l u r r y  proved t o  b e  q u i t e  a c c e p t a b l e .  No t r o u b l e  of  

Throughout t h e  exper iments ,  t h e  s l u r r y  f e e d  a p p a r a t u s  c o n s i s t e d  of  some kind  of  

Cons iderable  t r o u b l e  c o n s i s t e d  of s toppage  of t h e  v a l v e s ,  
Lime 
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A t  f i r s t  w e  had a 
four - inch  PVC* p i p e  through which w e  f o r c e d , t h i s  water a f t e r  adding t h e  l i m e .  
p i p e  became clogged r a t h e r  q u i c k l y  and w a s  a c o n s t a n t  s o u r c e  of t r o u b l e .  Then w e  
b u i l t  a one-foot  s q u a r e  wooden flume wi th  s u f f i c i e n t  s l o p e  t o  carry t h i s  material 
t o  t h e  a e r a t o r .  
c leaned  r e g u l a r l y  e v e r y  day .  However, t l d s  flume has  been t h e  s o u r c e  of some t r o u b l e  
when t r e a t i n g  s t r o n g l y  m i n e r a l i z e d  water, because of d e p o s i t e d  material in t h e  flume. 
AERATION EQUIPMENT 

p l a n t  t o  keep i n  o p e r a t i o n .  This  w a s  because t h e  t r e a t e d  mine water c o n t a i n s  cal- 
cium s u l f a t e  u s u a l l y  i n  s u p e r s a t u r a t e d  s o l u t i o n  as w e l l  as, i n  our  p a r t i c u l a r  waters, 
u s u a l l y  a l a r g e  q u a n t i t y  o f  f e r r o u s  and f e r r i c  hydroxide ,  and some aluminum. Some 
f o u r  t y p e s  o f  air  d i s p e r s a l  equipment were used t r y i n g  t o  overcome t h i s  d i f f i c u l t y .  
Type 1 c o n s i s t e d  of  a s p e c i a l  t y p e  a e r a t o r  d e v i s e d  f o r  t r e a t m e n t  o f  metall ic o r e s .  
This one d i d  n o t  s u p p l y  s u f f i c i e n t  a e r a t i o n .  The second type  o f  a i r  d i s p e r s a l  equip- 
ment used was a ceramic pad,  somewhat similar t o  t h a t  used by chemis ts  f o r  a e r a t i o n  
i n  l a b o r a t o r i e s  b u t  on a much l a r g e r  scale. T h i s  u n i t  gave f i n e  d i s p e r s a l  of t h e  
a i r  and worked f a i r l y  w e l l  on  water from mine No. 2 ,  which was lower i n  a c i d  and i r o n .  
When a p p l i e d  to  a mixture  o f  water from mines No. 2 ,  No. 3, and No. 4 ,  however, i t  
w a s  a complete f a i l u r e .  
d i s p e r s a l  u n i t  was a home-made j o b  t h a t  w a s  made by d r i l l i n g  3/64" h o l e s  in 2" PVC 
p i p e  and a r r a n g i n g  t h i s  a t  t h e  bottom o f  t h e  a e r a t o r .  T h i s  worked very w e l l  f o r  a 
few days b u t  s h o r t l y  s t o p p e d  up when water from mine No. 2 ,  No. 3, and No. 4 were 
mixed and passed through t h e  aerator. The b e s t  r e s u l t s  were o b t a i n e d  by u s i n g  an 
a i r  d i s p e r s i o n  device  which c o n s i s t e d  o f  a PVC tube  t h a t  in t roduced  t h e  a i r  i n s i d e  
of  k n i t t e d  socks.** This d e v i c e  comes i n  t w o  l e n g t h s ,  one some t w o  f e e t  long  and one 
about  e i g h t  inches  l o n g ,  b o t h  worked v e r y  w e l l .  I n  water from mine No. 2 ,  l i t t l e  
t r o u b l e  w a s  exper ienced  i n  t h i s  t y p e  of  a i r  d i s p e r s a l  u n i t .  
mines No. 2 ,  No. 3 ,  and No. 4 mixed, and No. 3 and No. 4 mixed, arrangements  had t o  
b e  made t o  c l e a n  t h e s e  s o c k s  once every  day. 
s h o u l d  b e  purchased in d u p l i c a t e  sets. I n  g e n e r a l ,  w e  are n o t  s a t i s f i e d  completely 
w i t h  any o f  t h e  air d i s p e r s i o n  u n i t s  we have used .  
u n i t  i n  o u r  s e t t l i n g  ponds because  t h e  ponds were comparat ively sha l low and d i d  not  
have c o n c r e t e  bot toms;  and we  thought  t h a t  t h e  mud k icked  up by t h i s  d e v i c e  would 
more t h a n  o f f - s e t  i t s  advantages .  

T h i s  p a r t  of  t h e  p l a n t  gave u s  c o n s i d e r a b l e  t r o u b l e  a l s o .  
T h i s  

T h i s  proved  t o  b e  a n  improvement over  t h e  p i p e  because i t  could be  

The a e r a t i o n  equipment  h a s  proved t o  be  one of  t h e  most d i f f i c u l t  p a r t s  of t h e  

It  w a s  almost i m p o s s i b l e  t o  keep the  pads o p e r a t i n g .  Type 3 

However i n  water from 

Consequently when u s i n g  them, they 

We d i d  n o t  t r y  a s u r f a c e  a e r a t i o n  

The a i r  t o  t h i s  p l a n t  is s u p p l i e d  bX two blowers  developing a p r e s s u r e  of 1 
pound p e r  s q u a r e  i n c h  and r a t e d  300 CFM. 
develop 2 pounds p e r  s q u a r e  inch  and d e l i v e r  up t o  475 CFM. 
have t w o  s e c t i o n s  and i n  e a c h  s e c t i o n  are 1 4  a i r  d i s p e r s i o n  u n i t s .  
o b t a i n e d  from t h e  u n i t  as a whole are shown i n  Figure  3 .  
sham i n  F i g u r e  4. 

These blowers  are p l a c e d  i n  series s o  they 
These a e r a t i o n  u n i t s  

The r e s u l t s  
The u n i t  i n  o p e r a t i o n  is 

Opera t ing  between t h e  flume from t h e  t r e a t m e n t  p l a n t  and t h e  a e r a t o r  tank  is 
This pump works w e l l  a 200 GP# c e n t r i f u g a l  pump working a g a i n s t  a 10 f o o t  head.  

i n  low-sul fa te  water b u t  when t h e  water b e g i n s  t o  approach t h e  s a t u r a t i o n  p o i n t  wi th  
calcium s u l f a t e ,  t h e  i m p e l l e r s  and eye of  t h e  pump became clogged w i t h  d e p o s i t e d  
s u l f a t e .  
such a u n i t  be  i n s t a l l e d  i n  d u p l i c a t e  so t h a t  p l a n t  o p e r a t i o n s  may cont inue  whi le  
r e p a i r s  are being made to  one D ~ D .  

This has proved t o  b e  v e r y  t roublesome,  and i t  seems b e s t  t o  a d v i s e  t h a t  

. .  
SETTLING BASINS 

The s e t t l i n g  b a s i n s  (shown i n  Fin.  1) are about  2 2 0  f e e t  lonn  and have a c r o s s  
s e c t i o n  area of about  150 s q u a r e  feet :  
by  a f a c t o r  of 3, t h e y  have  worked w e l l .  
b a s i n  were t r i e d ,  c o n t i n u o u s  o p e r a t i o n  and c y c l i c a l  o p e r a t i o n .  
p o s s i b l e  and s a t i s f a c t o r y ,  b u t  f o r  o u r  p a r t i c u l a r  case  t h e  a l t e r n a t e  use  of  b a s i n s  
and pumping them o u t  c y c l i c a l l y  seemed t o  g i v e  t h e  b e t t e r  r e s u l t s .  

Even though w e  a t  times, overloaded t h e  des ign  
Two ways of removal of  s l u d g e  from t h e  

Both proved t o  be  

J' 

I 

1 

I 

I 

*Poly Vinyl  Chlor ide  (PVC) Cubic Fee t  P e r  Minute (CFM) Gal lon P e r  Minute (GPM) 
** Hade of nylon 

i i  
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SLUDGE PUMP AND PIPING UNIT 
This u n i t  which removed t h e  d i l u t e  s ludge  from t h e  s e t t l i n g  b a s i n s  and 

d e p o s i t e d  i t  i n  t h e  s ludge  s t o r a g e  b a s i n  worked very w e l l  indeed ,  
t h e  work done a t  t h e  p l a n t ,  l i t t l e  t r o u b l e  has  been encountered .  I t  i s  n e c e s s a r y  
t o  have a s u r g e  tank  on b o t h  t h e . s u c t i o n  and d i s c h a r g e  of  t h i s  s l u d g e  pump, which 
was a diaphragm type  pump. I f  t h e s e  a r e  n o t  t h e r e ,  i t  i s  d i f f i c u l t  t o  p r e v e n t  a 
g r e a t  d e a l  of  v i b r a t i o n  and c o n s i d e r a b l e  w a t e r  hammer i n  t h e  l i n e s .  No t r o u b l e  was 
experienced wi th  su1fat ion"with any p a r t  of  t h i s  p i e c e  of equipment. 

SLUDGE DISPOSAL BASIN 
This  b a s i n ,  s h a m  i n  F igure  1, proved t o  b e  adequate  and i t  h a s  performed b e t t e r  ~ 

than  expec ted  throughout  t h e  o p e r a t i o n  of t h e  p l a n t .  Troubles  exper ienced  h e r e  con- I 

s i s t e d  p r i n c i p a l l y  of  t h e  water d e c a n t a t i o n  system becoming clogged w i t h  s l u d g e  

as throughout  

p r i m a r i l y ,  w e  b e l i e v e ,  b e c a u s e , o f  t h e  amount o f  calcium s u l f a t e  tha t  w a s  c a r r i e d  i n t o  
t h e  s l u d g e  b a s i n .  This  a g a i n  a c t e d  t o  c l o g  up t h e  p i p e s  and p r e v e n t  as e f f i c i e n t  

h d e c a n t a t i o n  as w e  would have l i k e d  t o  have had. 

WATER QUALITY OBTAINED 

p l a n t  and of t h e  t r e a t e d  water f lowing from t h e  p l a n t .  
p resented  two v a l u e s  f o r  t h e  water f e d  t o  t h e  p l a n t .  

1) The average  v a l u e  o f  a l l  t h e  water f e d .  
2) 

I n  Table  I1 and 111, w e  have presented  a n a l y s e s  of t h e  raw water f e d  t o  t h e  
It w i l l  b e  n o t e d ,  w e  have  

An approximate one-week run  showing t h e  v a r i a t i o n  and r e s u l t s  ach ieved  
d u r i n g  one r e p r e s e n t a t i v e  week. 
t h e  a n a l y s e s  f o r  t h e  t r e a t e d  water d u r i n g  t h e  one-week sample run .  

t h a t  r e s u l t s  have been q u i t e  good and t h a t  w e  have,  i n  g e n e r a l ,  k e p t  the i r o n  i n  t h e  
overf low water less than  5 p a r t s  p e r  m i l l i o n ,  and in some cases even less t h a n  1 p a r t  
p e r  m i l l i o n .  
between 9.5 t o  10.5 depending on t h e  water. 
and No. 4, and No. 2 ,  No. 3, and No. 4 due t o  d i f f i c u l t i e s  from s u l f a t l o n  and some 
t r o u b l e  w i t h  t h e  s l u r r y  f e e d  a p p a r a t u s ,  w e  were n o t  a b l e  t o  m a i n t a i n  t h e  pH a t  t h e  
v a l u e  w e  would have l i k e d  t o  have had. I t  w i l l  b e  noted  i n  t h e s e  c a s e s  t h e  i r o n  
i n  t h e  e f f l u e n t  water h a s  been q u i t e  h igh ,  a l though i n  t h e  case of t h e  m i x t u r e  from 
mines No. 3 and No. 4, w e  have been a b l e  t o  keep i t  f a i r l y  close t o  t h e  s ta te  l i m i t s .  
I n  t h e  e f f l u e n t  water from mines No. 2 ,  No. 3, and No. 4 ,  w e  have n o t  been  a b l e  t o  , 

do t h i s  q u i t e  so w e l l .  T h i s  i s  because  w e  had n o t  l e a r n e d  t o  cope q u i t e  so w e l l  wi th  
t h e  e f f e c t s  of  s u l f a t i o n .  

I n  t h e  overf low,  we have p r e s e n t e d  

It  w i l l  b e  noted ,  i n  t h e  case of  waters t r e a t e d  from mine No. 1 and No. 2 ,  

T h i s  is  only  accomplished,  however, by r a i s i n g  t h e  pH to  a v a l u e  l y i n g  
I n  t h e  mixed waters from mines No. 3 

When t h e  water was t r e a t e d  a l l  of t h e  water  d i scharged  w a s  compara t ive ly  h igh  
i n  calcium which means t h a t  t h e  water w i l l  be  a h a r d  water. In mine N o .  2 ,  t h e  water  
d i scharged  c o n t a i n s  more t o t a l  s o l i d s  than  d i d  t h e  water e n t e r i n g  t h e  p l a n t .  
case of mines No. 1, and t h e  mixture  from mines No. 2 ,  No. 3, and N o .  4, and from 
mines No. 3 and No. 4 ,  w e  have been a b l e  t o  a p p r e c i a b l y  lower t h e  t o t a l  s c l i d s  in 
t h e  water. Such t o t a l  s o l i d s  are n o t  inc luded  i n  t h e  s t a n d a r d s  o f  t h e  s t a t e  s o  t h i s ,  
a t  p r e s e n t ,  is n o t  r e a l l y  a s e r i o u s  d i f f i c u l t y .  

In  t h e  

Not much t a s t i n g  of t h e  water f e d  t o  t h e  p l a n t  w a s  done by anyone, b u t  i t  can 
be  s a i d ,  in g e n e r a l ,  t h e  taste of t h e  water, t o  p u t  i t  m i l d l y ,  w a s  u n s a t i s f a c t o r y .  
The t rea tment  p r o c e s s  g r e a t l y  improved t h e  tas te ,  a l though even w i t h  t h e  treatment 
which w e  have i n  t h i s  p l a n t ,  t h e  taste of t h e  e f f l u e n t  water i s  n o t  p a r t i c u l a r l y  
d e s i r a b l e .  

These r e s u l t s  i n d i c a t e  t h a t  w i t h  h igh  a c i d  waters, t r e a t m e n t  is going  t o  b e  more 
d i f f i c u l t  than  w i t h  more amendable water and s u l f a t i o n  is going to  pose  some real  
s e r i o u s  problems. 

* Depos i t s  of  calcium s u l f a t e  mixed wi th  i r o n  hydroxide from t h e  t r e a t e d  water 
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Table I1 
Operating Resu l t s  of the 

Acid Mine Drainage Treatment 'Plant 
Water Quality 

Feed Water 

Ferrous 
Iron 

783 

762 
787 
782 
778 
391 
760 

545 

546 
550 
542 
530 

831 
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563 
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Sludge 
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330 

280 
420 
300 
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290 
380 
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130 
100 
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260 

1398 
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464 
270 
456 
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546 
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472 
406 
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99 
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O p e r a t i n z a k k u € $ i  bf t h e  
Acid Fline Drainage Treatment P l a n t  

' Water Q u a l i t y  ' 

Trea ted  Water 
- 
Tota l  

I ron  - 
, F e r r o u s  

I r o n  

2 
4 
1 
3 
2 
20 
6 

13.7 
10.8 
19.5 
16.1 
4.7 

N i  1 
35.1 
5.8 
1.3 
4.7 
3.6 

N i l  
N i  1 
N i  1 
N i l  
N i  1 
N i  1 
N i l  

N i  1 
N i  1 
5.3 
N i l  
N i l  

. N i l  
21.5 
N i  1 
N i  1 
N i l  
N i l  

- 
Alum- 
inum 

35 
15 
1 7  
12 
8 

20 
19 
20 
26 
26 
22 
23 

.82 

.83 
1.06 
.51 
.68 

7.4 
3.02 
0.1 
36 
25.4 
15.9 

Magnes- 

854 24 
690 I 34 

A c i d i t y  
Sludge 
Volume Total  - 

4265 
4000 
3970 
4450 
3741 

4193 
4278 
4360 
4292 
4587 
4400 
4253 

4107 
4372 
5059 

L3,92: 
4460 

5764 
5935 
5087 
5898 
5368 
5419 

607 
485 
101.5 
585 

150 
140 
180 
141 
88 
132 
60 

392 
237 
3502 
1827 
879 

119 
1753 
737 
2 96 
1988 
155 

HARDNESS 

mine No. 2 is q u i t e  h i g h .  AS an exper iment ,  i t  w a s  dec ided  t o  treat t h i s  wa te r  w i th  
sodium carbonate  t o  reduce  t h i s  ha rdness  t o  some a c c e p t a b l e  va lue .  
a p l a n t  was designed t h a t  would t r ea t  10 g a l l o n s  of water p e r  minute  and feed  
t h e  sodium carbonate  i n  t h e  r equ i r ed  amounts a u t o m a t i c a l l y .  The p l a n t  is shown i n  
F igu re  5. 
under a cons t an t  head ,  through a f i x e d  o r i f i c e .  The r e s u l t s  of t h i s  experiment are 
shown i n  Table  I V .  It w i l l  b e  noted t h a t  t h e  ca lc ium ha rdness  was  w e l l  t aken  care 
of by t h e  sodium ca rbona te .  The sodium ca rbona te  method of  n e u t r a l i z i n g  ha rdness ,  
however, has  some s e r i o u s  d i sadvan tages .  One is wi th  h igh  c o n c e n t r a t i o n s  of calcium 
s u l f a t e  i n  the  water  t o  be  removed by t h e  sodium ca rbona te  as i n  t h i s  c a s e ,  i t  

I t  w i l l  be  observed in Table  111, t h a t  t h e  ha rdness  o f  t h e  t r e a t e d  water from 

Consequently,  

Both t h e  in f low water and t h e  sodium ca rbona te  are a r r anged  t o  o p e r a t e  
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l e a v e s  the water  wi th  a s t r o n g  s a l i n e  taste. T h i s  would be more u n d e s i r a b l e  than ( 

would t h e  hardness .  The c o s t  of t h e  sodium c a r b o n a t e  to  c o r r e c t  t h i s  hardness  
is 41 c e n t s  per  thousand g a l l o n s  o f  water t r e a t e d .  The t o t a l  c o s t  of t h e  t r e a t -  , 
ment, inc luding  c o s t  o f  p l a n t ,  l a b o r ,  e l e c t r i c i t y ,  e t c . ,  f o r  c o r r e c t i o n  of hardness  
would e a s i l y  run twice  t h i s  amount. 
water a t  t o o  high a pH. to  conform t o  t h e  water l a w s  of West V i r g i n i a .  

A f i n a l  d i sadvantage  i s  i t  d i s c h a r g e s  t h e  

T o t a l  
I r o n  

4 
2 
1 
1 
1 

1 
1 
1 
1 
1 
2 
1 
2 

I PH F e r r o u s  
I r o n  

Feed Wat 

N i l  
N i l  
N i  1 
N i l  
N i l  

Overf low W a t  

N i l  
N i  1 
N i l  
N i l  
N i l  
N i l  
N i  1 
N i l  

Lab 

7 -32 
8.10 
8.49 
7.70 
7.35 

8.00 
9.30 
9.95 
10.20 
10.22 

9.80 
8.30 

10. 15 

i e  Id - 

7.5 
8.5 

8.4 
7.6 

8.15 
9.3 
9.6 
9.85 
10.15 

10.4 
8.65 

10.135 

Table  I V  
R e s u l t s  of . T r e a t i n g  Water From Mine 2 

From Treatment  P l a n t  With Sodium Carbonate 
To Reduce Hardness 

A l ~ m -  
inum 

From Ac 

8 
20 
10 
15 
7 

Fro- 'rq: 

Ca 1 ciun 

Trea t r  

320 

ness  TI 

24 
N i  1 
N i l  
N i l  
N i l  
N i  1 
N i  1 
80 

Nagnes - 
ium 

t P l a n t  

97 

tment Pli 

49 
50 
58 
52 
58 
58 
58 
117 

S o l i d s  
T o t a l  Susp. 

4616 
4446 
2814 
4265 
4336 

3870 
4112 
4480 
4750 
4886 
4737 
4374 
3980 

26 
20 
3 15 
40 
65 

170 
12 
12 1 
115 
83 
70 
58 

SLUDGE FORMED 
The c o s t  of d i s p o s i n g  o f  t h e  s l u d g e  when t r e a t i n g  a c i d  mine d r a i n a g e  h a s  always 

been  a bug-a-boo. 
is concerned is  shown i n  T a b l e  V. It w i l l  be  noted  i n  t h i s  t a b l e ,  t h a t  i n s o f a r  as  
t h e  format ion  of s l u d g e  is  concerned,  l a r g e  q u a n t i t i e s  are formed i n  the s e t t l i n g  
b a s i n .  
and decant  t h e  c l e a r  water from t h e  s l u d g e  s t o r i n g  b a s i n ,  a very  good j o b  has  been 
done of reducing t h e  l a r g e  volume o f  s l u d g e  t o  a r a t h e r  small one. 

The r e s u l t s  of o u r  exper imenta t ion  i n s o f a r  as format ion  o f  s ludge  

It w i l l  a l s o  b e  n o t e d  t h a t  even by as s imple  a p r o c e s s  as l e t t i n g  i t  evapora te  

I t  w i l l  be noted  t h a t  i n s o f a r  as t o t a l  volume of water t r e a t e d  i s  concerned t h a t  
as of October  20, 1968, o n l y  2 p e r  c e n t  of  i t  remained i n  t h e  storage b a s i n  as s ludge;  
and of t h e  s ludge e s t i m a t e d  to  have been d e p o s i t e d  i n  t h e  s e t t l i n g  b a s i n  t h a t  only 
7 p e r  c e n t  remains i n  t h e  s t o r a g e  b a s i n .  

I n  connect ion w i t h  t h i s  though, i t  should  b e  remembered t h a t  o u r  p l a n t  has  not  
been cont inuous ly  o p e r a t e d ,  i n  t h a t  i t  is o p e r a t e d  o n l y  f i v e  days p e r  week and 
1 6  hours  p e r  day; and t h e r e  have been  p e r i o d s  t h a t  i t  d i d  n o t  o p e r a t e  a t  a l l  during 
t h e  n e a r l y  t w o  years t h e  s t u d y  has  been going a long .  Our b e s t  estimate of  t h e  
c a p a c i t y  of t h i s  s ludge  b a s i n  t o  c o n c e n t r a t e  s l u d g e  is, t h a t  i f  we had opera ted  24 
hours  a day, 365 days a year,we ,-ouid llave handled about 200,000 g a l l o n s  p e r  24 hour 
day of water conta in ing  around 2500 p a r t s  p e r  m i l l i o n  a c i d ,  and 900 p a r t s  p e r  m i l l i o n  
i r o n .  With t h i s  type  of f e e d  water, t h e  s l u d g e  remaining i n  the pond a t  t h e  end of 
the year* we e s t i m a t e .  v o u i d  n o t  be  more t h a n  3 p e r  c e n t  of t h e  water 
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When t r e a t i n g  wa te r  such as e x i s t e d  i n  mine No. 2 ,  w e  could  have handled p o s s i b l y  
t h r e e  t imes  t h i s  much water, bu t  had we been t r e a t i n g  water such as t h a t  water from 
mines No. 3 and No. 4 when mixed, the  amount of water t r e a t e d  would probably  have 
to  be reduced.by one t h i r d .  

TABLE V 
OPEBATING DATA PERTAINING TO SLUDGE 

OPERATING DATA 
Pe r iod  Water Trea ted  Estimated Sludge Remaining T o t a l  Sludge i n  Pond 

Volume of i n  Sludge S to rage  a s  O v e r a l l  Percentage  
Sludge Pumped 
from S e t t l i n g  
B u i r u  

Average Gallons Pe rcen t  of 
T o t a l  Pumped Gals. Sludge Water Sludge Water 
Ac id i ty  Pumped Trea ted  Pumped Pumped 

Apr. 1 
t o  Dec. 2399 21,801,000 7,200,000 596,000 8.3 2.7 8 .3  2.1 
18, '67 
Feb. 1 9  
'68 t o  
Aug- 1 2  1022 11,628DO00 1,850,000 24,000 1 .3  -12 6 . 4  1.9 
'68 
p g .  1 2  

68  t o  
Sept .  20 3707 , 3,160,000 1,140,000 20.000 1.8 0 . 6  6.9 1 . 7  
'68 
Sept.  20 
'68 to 

'68 
O c t .  20 6473 2,319,000 1 , 1 4 0 , ~ O  191,000 16.6 8.3 7.0 2 . 0  

TABLE V I  
SLUDGE ANALYSIS AT VARIOUS DATES 

Percentages  of 

LIME REQUIRED 

These r eco rds  were compared w i t h  t h e  WeiBhtS of l i m e ,  and t h e  t h e o r e t i c a l  amount of 
l ime r equ i r ed  t o  n e u t r a l i z e  t h e  a c i d .  The agreements are c l o s e  in a l l  cases. I t  
w i l l  b e  noted by consu l t ing  Table  V I 1  t h a t  t h e  amount of l i m e  r equ i r ed  t o  t r e a t  w a t e r  
i n  thousand ga l lon  u n i t s  and p e r  p a r t  p e r  m i l l i o n  of a c i d  i n  t h e  w a t e r  v a r y  some- 
what. Th i s  is due t o  e e v a r a l  cauaeo. ( I )  I n  t h e  case of t h e  w a t e r  t r e a t e d  from 
mine No. 2 ,  No. 3, and No. 4 . l ight i n s u f f i c i e n c y  i n  l i m e  e x i s t e d .  This same is 
a l s o  true t o  a lesser e x t e n t  in t h e  c u e  of t h e  mixed water from mines N o .  3 and No. 4. 
Other  factors t h a t  e n t e r e d  w t e  tho  (2) presence  of b ica rbona te s  and (3) d i s s o l v e d  

Care fu l  r eco rds  were kep t  of t h e  l ime r equ i r ed  as we went a long  w i t h  ou r  program. 

GO2. 
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T a L E  V I 1  

LIME REQUIRED FOR TREATING WATER AND COST AT $24/TON 
Cost of L i m e  i n  
Cents per  1000 Water 

T rea t ed  Lbs. of Lbs. of Lime/ Gals. per  p a r t  
I n  1000 Lime Used 1000 G a l .  Per per  Mi l l i on  of 

G a l .  Un i t s  Pe r P a r t  Per  Mi l l i on  Acid With Lime 
Per iod  Trea ted  1000 Gal. of Acid i n  Water at $24 per  t o n  

Apr.l-Dec.18,1967 21800 14.8 
Feb.13-Aug.12,1968 11628 8.4 
Aug.l2-Sept.10,1968 3160 19.7 
Sept.12-0ct.16,1968 2319 40.7 

.0063 .0076 

.0081 .0098 

.0053 .0064 

.0063 .oo76 

Average .0065 .008 

ECONOMICS 
Opera t ing  t h i s  p l a n t  has  g iven  u s  some i n s i g h t  i n t o  t h e  economics o f  a c i d  mine 

d ra inage  t r ea tmen t  by l i m e  n e u i r a l i z a t i o n .  Three q u e s t i o n s  h e r e  are paramount; namely, 
what w i l l  it c o s t  and how much and what k ind  of l and  w i l l  be  r equ i r ed  on which t o  
b u i l d  a p l a n t .  

Costs of t r ea tmen t  are d i f f i c u l t  t o  e s t i m a t e .  This  is t r u e  because  t h e  cost 
of l i m e  v a r i e s  w i th  t h e  l o c a t i o n  of t h e  t r ea tmen t  p l a n t  w i t h  r e s p e c t  to  t h e  n e a r e s t  
l ime  producer .  Also,  costs o f  l a b o r  vary from one s e c t i o n  t o  another .  The c o s t s  
of c o n s t r u c t i o n  a l s o  v a r y  wi th  l o c a t i o n  and type  of excava t ion  r equ i r ed .  Also,  as 
s h a m  i n  Table  V I I S  some d i f f e r e n c e s  e x i s t  among mine waters i n  t h e  amount of l i m e  
r equ i r ed  f o r  n e u t r a l i z a t i o n .  So t h e  c o s t s  g iven  are based on ou r  exper ience ,  and 
h e r e  the c o s t  o f  t h e  l a n d  f o r  t h e  p l a n t  w a s  low. 
and we had no hard  rock excava t ion  t o  do. 
a p p l i e d ,  b u t  w e  b e l i e v e  they  g i v e  us some i n d i c a t i o n  of c o s t s .  Our e s t i m a t e s  f o r  
t h e  c o s t  of t r e a t i n g  a c i d  mine water are shown i n  Table  V I I I .  It w i l l  be  noted  
t h a t  the c o s t  w i l l  be s u b s t a n t i a l ,  and i t  i n c r e a s e s  as the a c i d i t y  of t h e  water 
i n c r e a s e s .  

We allowed about  $200 p e r  a c r e  
The re fo re  our f i g u r e s  cannot be  b l i n d l y  

Our expe r i ence  i n d i c a t e s  t h a t  t h e  s ludge  product ion  w i l l  no t  be  as l a r g e  as 
a t  f i r s t  f e a r e d ;  bu t  i t  i s  s t i l l  s u b s t a n t i a l .  I f  i t  has t o  be s t o r e d  i n  s u r f a c e  
d i s p o s a l  u n i t s ,  then i n  a few y e a r s  cons ide rab le  areas of s u r f a c e ,  i n  mine a r e a s  
a f f l e c t e d  by ac id  mine d r a i n a g e ,  are going to  be  covered by s ludge .  

Also ,  i t  w i l l  b e  no ted  t h a t  where s t r o n g l y  a c i d  water o r  i f  l a r g e  q u a n t i t i e s  
of a c i d  water o f  less s t r e n g t h  are t o  be  t r e a t e d ,  s u b s t a n t i a l  areas f o r  p l a n t  
c o n s t r u c t i o n  and s ludge  d i s p o s a l  w i l l  b e  r equ i r ed .  I n  some a r e a s  of t h e  c o a l  
f i e l d s ,  l and  of t h e  n a t u r e  r e q u i r e d  and acreage  a r e  s c a r c e .  

The l e s s o n  seems t o  be p l a i n  t h a t  t h e  t r ea tmen t  of a c i d  mine was tes  w i l l  no t  
be e a s i l y  and economically achieved  by l ime n e u t r a l i z a t i o n ,  nor i n  most c a s e s ,  
w i l l  t h e  problems a s s o c i a t e d  wi th  t h e  s ludge  d i s p o s a l  be  e a s i l y  handLed. 
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AERIAJ., PHOTOGRAPH OF THE A C I D  MINE DRAINAGE TREATMENT PLANT 
(1) S e t t l i n g  b a s i n s ,  l e f t  one i s  f u l l  of t r e a t e d  water. 
(2) Sludge d i s p o s a l  b a s i n .  (3)  Sludge pump house. (4)  Aerat ion 
p l a n t .  (5) Water s o f t e n i n g  p l a n t .  (6)  Acid t reatment  house 
(7) Flume t o  a e r a t i o n  p l a n t .  

L a 

Minu t e8 

FIGURE 3 
CURVES SHOWING AERATION RESULTS ACHIEVED 
Note t h e  a b s c i s s a  d e s c r i p t i o n  r e f e r s  t o  
t h e  minutes t h e  t r e a t e d  water has  been 
i n  t h e  a e r a t o r .  
refers t o  t h e  p a r t s  p e r  m i l l i o n  of f e r rous  
i r o n  remaining i n  the  t r e a t e d  water. 

The PPM on t h e  o r d i n a t e  
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FIGURE 4 
AERATION UNIT I N  OPERATION 

FIGURE 5 
PHOTOGRAPH OF WATER HARDNESS TREATMENT PLANT 
(1) Treated water.  ( 2 )  Sodum Carbonate s o l u t i n n  
meter ing arrangement. 
and d i scha rge  of t r e a t e d  water. The overflow 
is through a p i p e  not v i s i b l e  i n  t h e  lower 
foreground. 

( 3 )  Water metering dev ice  


